Strengths and limitations of this study
► This study used individual-based data from nationwide registers on inpatient diagnoses and drug dispensations from pharmacies, making it possible to estimate the incidence of TdP per 100 000 users of prescribed individual drugs labelled with torsades de pointes (TdP) risk. ► To our knowledge, the study is, so far, the largest in terms of number of patients with TdP diagnosis. ► One limitation is that the data on drug use do not include information about drug treatment at hospitals.
AbStrACt
Objective To study the occurrence of torsades de pointes (TdP) ventricular tachycardia in relation to use of drugs labelled with TdP risk, using two nationwide Swedish registers.
Design Prospective register-based cohort study. Setting Entire Sweden.
Participants Persons aged ≥18 years prescribed and dispensed any drug classified with TdP risk during 2006-2017, according to CredibleMeds. Persons with a registered TdP diagnosis during the study period, using drugs labelled with known (TdP 1), possible (TdP 2) or conditional (TdP 3) risk at the incident of TdP were examined. Primary outcome measures Occurrence of TdP in relation to exposure rates for individual drugs with TdP risk. Secondary outcome measures Concurrent use of more than one TdP-labelled drug in a person with a TdP diagnosis.
results During the study period, 410 TdP cases using drugs with TdP risk labels at the incident were registered; 205 women and 205 men, mean age 74.0 and 71.5 years, respectively. Antidepressants dominated (129/410, 30%), followed by antiarrhythmics (17%). Diuretics and gastric acid-secretion inhibitors, with TdP risk related to induction of hypokalaemia or hypomagnesaemia, were used in 56% and 32% of the 410 TdP cases, respectively. Among the most used antidepressants, citalopram with known TdP 1 risk was associated with both a higher absolute number and incidence of TdP per 100 000 users (two to four times), compared with mirtazapine with possible (TdP 2), and sertraline with conditional (TdP 3) risk. Multiple risk factors, including advanced age, cardiovascular disease and treatment with more than one TdP-classified drug, were frequently observed. Conclusions Antidepressants followed by antiarrhythmics dominated among TdP risk drugs used by adults with TdP diagnosis, the majority being ≥65 years. TdP risk class and concomitant medication should be considered when prescribing antidepressants to older patients.
IntrODuCtIOn
Torsades de pointes (TdP) ventricular tachycardia is a rare but life-threatening condition that can deteriorate into ventricular fibrillation and cardiac arrest and, in the worst case scenario, sudden cardiac death. Symptoms may, however, vary from dizziness, syncope and seizures to cardiac arrest/sudden death. Prolongation of the corrected QT interval (QTc) on the ECG may predispose to TdP, together known as long QT syndrome (LQTS). LQTS can be congenital or acquired. 1 2 Drugs in most therapeutic groups, including several widely used antidepressant and antipsychotic drugs, have been shown to be associated with an increased risk of acquired LQTS, mainly due to blockade of one of the cardiac potassium channels expressed by the hERG gene. This results in inhibition of a major repolarising potassium current, IKr. According to the CredibleMeds classification system, 3 which is updated regularly by an expert panel, drugs that can prolong the QTc interval have different propensities to cause TdP (see the Methods section). During the past decades, safety signals for QTc prolongation and TdP have resulted in the withdrawal from the market of some psychotropic drugs that block the hERG channel (eg, sertindole or thioridazine 4 ) or a restriction in their use (eg, citalopram 5 6 and haloperidol 7 ) in many countries. Several studies also indicate that the risk of druginduced TdP is particularly relevant in combination with other patient-specific risk factors, such as age, cardiovascular diseases, Open access electrolyte disturbances or simultaneous use of drugs increasing the risk of TdP. 3 4 8-12 Previous studies have indicated that TdP is underreported. One reason is that accurate diagnosis requires ECG recording during the event. Another reason is that a sizeable proportion of patients with TdP will not survive the ventricular arrhythmia. All-cause death, adjusted for a number of potential comorbidity confounders, has therefore been used as a proxy for studying risks of using TdPclassified antipsychotics [13] [14] [15] or antidepressants 16 17 in the elderly.
Case report studies provide unique information about the link between TdP-classified drugs and TdP. However, until now, these studies have been relatively small and have not allowed comparisons of TdP risk between drugs, as they have not taken drug exposure rates into account. 9 Therefore the main objective of this study, based on Swedish national registries, was to investigate occurrence of TdP in relation to exposure rates (incidence of TdP per 100 000 users of a TdP-classified drug) for individual drugs with TdP risk, in persons aged 18-64 and ≥65 years. The second aim was to study the concomitant use of more than one TdP-labelled drug in a person with a TdP diagnosis.
MethODS

Study population and registers
This was a cohort study. The study population comprised all individuals above the age of 18 years who had been prescribed and dispensed any drug classified with TdP risk according to CredibleMeds, from 1 January 2006 to 31 December 2017. The study was based on data from two Swedish registers linked by the personal identification number: the Swedish Patient Register (SPR) and the Swedish Prescribed Drug Register (SPDR). These registers are administered by the Swedish National Board of Health and Welfare, an authority under the Swedish Ministry of Health and Social Affairs. The collection of register data is governed by Swedish legislation, and it is mandatory for Swedish healthcare and pharmacies to report the data. Information on the outcome, first-time TdP diagnosis (International Classification of Diseases, 10th Revision (ICD-10) code I47.2), was retrieved from the SPR, which covers all inpatient and specialised outpatient care in Sweden. 18 Drug exposure data were retrieved from SPDR, which has detailed individual-based information about all prescribed and dispensed drugs at Swedish pharmacies. 19 exposure to drugs labelled with Qtc prolongation/tdP risk Prescription data were collected for the time period of 90 days before the reported TdP event (from hereon named index event). For each prescribed drug, the duration of the treatment was calculated by dividing the amount of dispensed drug with the prescribed daily dose. 19 In order to ensure relevant exposure, only prescriptions lasting until or beyond the index event date were included in the analyses. In the following text and tables, this is labelled as 'use'. All drugs classified with risk of TdP according to CredibleMeds 3 (http://www. crediblemeds. org, 31 October 2018) were examined: TdP 1=known risk of TdP (list 1), TdP 2=possible risk of TdP (list 2) and TdP 3=conditional risk of TdP (list 3).
The number of users of individual drugs within a certain therapeutic group varies considerably, as well as between various age groups. We therefore estimated the incidence of TdP per 100 000 users of individual TdP-labelled drugs in persons aged ≥65 years (definition of older adults in Sweden) and in individuals aged 18-64 years, during the whole study period. Here a user of a drug was defined as a person to whom the pharmacy had dispensed the drug at least once during the study period.
Additional risk factors for tdP
As mentioned in the Introduction section, several case report studies suggest that the risk of drug-induced TdP is particularly relevant in combination with other important patient-specific risk factors, in particular genetic susceptibility (LQTS mutations), cardiovascular disease, electrolyte disturbances (hypokalaemia and hypomagnesaemia), or simultaneous use of two or more drugs which increase the risk of TdP. 3 4 8-10 By using data from SPDR, it has been possible to study the occurrence of some major established contributing risk factors, in each individual at the incident of TdP, as follows: (1) concomitant use of more than one TdP-classified drug, (2) treatment with diuretics which may cause hypokalaemia and hypomagnesaemia, (3) treatment with acid-secretion inhibitors (proton pump inhibitors and H 2 -receptor antagonists) which may cause hypomagnesaemia and (4) use of drugs against cardiovascular disease (Anatomical, Therapeutic, Chemical (ATC) code C).
PAtIent AnD PublIC InvOlveMent (PPI)
This study was based on data from Swedish healthcare registers. We did not directly include PPI in this study, but the registers used in the study are developed with PPI and updated by a committee that includes patient representatives.
reSultS
Overview: tdP diagnosis and use of tdP-labelled drugs There were 410 persons registered with TdP diagnosis using drugs with TdP risk labels at the TdP incident: 205 women and 205 men, with a mean age of 74.0 and 71.5 years, respectively.
TdP in relation to TdP risk category for drugs blocking the hERG channel As shown in table 1, drugs blocking the cardiac hERG channel and labelled TdP 1 in normal use (ie, when used as directed according to the Summary of Product Characteristics) were used more often at the index event than drugs classified as TdP 2 or TdP 3. Among various therapeutic classes, antidepressants were predominantly used in the TdP cases, followed by antiarrhythmic drugs. Several cases were also using antipsychotic, antibiotic/ antimycotic and urological drugs. Individual drugs in other therapeutic drug groups, used by four or more persons at the index event, included the Alzheimer drug donepezil, the analgesic methadone, the anxiolytic drug hydroxyzine, and the gastrointestinal drugs loperamide and metoclopramide.
TdP-classified drugs not blocking the hERG channel Almost all diuretics (except a few potassium saving diuretics) and all acid-secretion inhibitors are classified as TdP 3 due to their potential to induce potassium deficiency (diuretics) and magnesium deficiency (diuretics and acid-secretion inhibitors), promoting the triggering of TdP. Both are known risk factors for development of TdP, especially when the person simultaneously uses a hERG-blocking drug. Our results show that 229 out of 410 cases (56 %) with TdP diagnosis had used TdP 3-labelled diuretics and 131 (32 %) TdP 3-labelled acid-secretion inhibitors.
Detailed information on use of tdP-classified drugs-alone or in combination-at the tdP event Tables 2 and 3 show the absolute number and estimated incidence of TdPs per 100 000 users of each identified TdP-classified hERG-blocking drug used at the index event in persons aged 18-64 and ≥65 years. In tables 4 and 5, information on the use of additional TdP-classified drugs in various TdP categories at the index event (at least one additional drug, any therapeutic class) is presented. In many TdP cases, several TdP-classified drugs had been used simultaneously. The highest number was six in three index cases.
Antidepressant drugs
In total, 125 persons used TdP risk classified antidepressants (in total 136 prescriptions with 9 different antidepressants; see tables 1 and 2), that is, 30% of all TdPs (125 out of 410 TdP cases). Table 1 also shows that the TdP 1-classified drugs (citalopram and escitalopram) The number and estimated incidence of TdP for individual antidepressant drugs is presented in table 2. Both the number and the incidence of TdP with the three most prescribed antidepressants (citalopram, mirtazapine and sertraline) were five to six times higher in individuals aged ≥65 years than in younger patients (table 2). The TdP risk for the three most used antidepressants among the older patients agreed with their TdP risk class. The TdP 1-classified citalopram had the highest absolute number of TdP (59 persons) and incidence of TdP (15/100 000), followed by TdP 2-classified mirtazapine (23 TdPs, incidence of 7.5/100 000) and TdP 3-classified sertraline (9 TdPs, incidence of 5.2/100 000). A similar trend was observed in younger persons, however, with much lower absolute numbers and incidences compared with older persons (table 2) .
The great majority (73%, 91 of 125) of TdP cases who used TdP-classified antidepressant drugs also used at least one additional TdP-classified drug at the index event. TdP 3-classified diuretics (42%, 53/125) and gastric acid-secretion inhibitors (29%, 36/125) were the most common. However, concurrent use of drugs with known (TdP 1) or possible (TdP 2) risk was also relatively common with other therapeutic classes, including antipsychotics, urological drugs, antidementia drugs and antiarrhythmic drugs (see table 4 ).
Open access
Antiarrhythmic drugs
In total, 71 persons (17%) with a TdP diagnosis used class III antiarrhythmic drugs classified with TdP risk (tables 1 and 3). These drugs showed the highest incidence of TdP diagnoses per 100 000 users, compared with drugs in other therapeutic classes, in all age groups (table 3) . The highest TdP risk was observed for disopyramide in elderly persons, with a calculated incidence of 231/100 000 users. Our results (cf tables 4 and 5) suggest a lower use of additional TdP 1 and TdP-classified drugs when TdPclassified antiarrhythmic drug were used, compared with when classified antidepressants and antipsychotics were used. However, additional TdP 3-classified drugs (mainly diuretics and acid-secretion inhibitors) were used by the majority of TdP cases treated with antiarrhythmics (exception: disopyramide and sotalol).
Antipsychotic drugs and other central nervous system (CNS) active drugs
The majority (10/18) of reported TdP cases on antipsychotics were observed in persons younger than 65 years
Open access (table 2). Combined use of TdP-classified antipsychotics and/or antidepressants was observed in the majority of persons using antipsychotics at the index event. Use of the opioids methadone and buprenorphine, the antidementia drugs donepezil and memantine, and the anxiolytic drugs hydroxyzine were also associated with TdP (table 1) .
Drugs against infections, urological disorders and other diseases
The incidence of TdP per 100 000 users was low for commonly used antibiotics and fungicides. Twenty-one persons used TdP 2-classified urological drugs (alfuzosin, tolterodine or solifenacin) at the index event (tables 1 and 3). In most cases, other TdP-classified drugs were used concomitantly ( 
DISCuSSIOn
The main findings of this register-based nationwide cohort study of 410 cases using TdP risk classified drugs, with a recorded TdP diagnosis, during 2006-2017, applying risk classification according to CredibleMeds, were (1) the vast majority of TdP cases were older than 65 years; (2) antidepressant drugs were the most common TdP-classified drugs used at the index event, followed by antiarrhythmic drugs; and (3) concomitant use of more than one TdP risk classified drug was very common, as was use of drugs for cardiovascular diseases. Because a diagnosis of TdP can only be ascertained in a living person and sudden cardiac death is one possible outcome of a TdP, we assume that this patient cohort represents only the tip of an iceberg.
Open access
Multiple risk factors common in tdP
The present study showed that TdP is much more common in the elderly than in the younger age groups.
For the most used antidepressant drugs (citalopram, mirtazapine and sertraline), the incidence of TdP was five to six times higher in persons aged ≥65 years than in younger persons. Advanced age is a recognised risk factor for the development of TdP associated with the use of QTc-prolonging drugs. 1 4 11 12 Ageing is also associated with polypharmacy-in Sweden, people aged ≥75 years are prescribed on average five different drugs 20and there is comprehensive evidence that concomitant
Open access administration of more than one TdP-classified drug further increases the risk of developing a QTc prolongation and TdP. 3 4 21-25 Our results are confirmative in this aspect. The most common of the additional drugs were diuretics and acid-secretion inhibitors. These drugs lack hERG-blocking potential but are classified with conditional risk (TdP 3 risk) due to their potential to cause hypokalaemia and hypomagnesaemia, respectively. These results agree with recent studies indicating that electrolyte changes play an important contributing role in the development of TdP. 11 12 26 Furthermore, a high proportion (almost 90 %) of elderly persons treated with TdPclassified drugs at the index event were also treated with drugs against cardiovascular disease, supporting that cardiovascular disease is an important risk factor for the development of TdP in line with information provided by CredibleMeds. 10 In our study, the number of women and men who developed presumed drug-induced TdP were identical, despite women having higher TdP risk due to longer QTc intervals. 1 9 11 This finding may suggest that the TdP risk related to gender is of less importance compared with exposure to multiple TdP risk factors in our population of elderly people. This assumption is supported by hospital studies in patients with multiple risk factors treated with TdP-labelled drugs. Almost equal prevalence in LQTS/ TdP in women and men was observed; in two of them, a slightly increased risk in men 27 28 and in one a slightly increased risk in women 24 were found. Overall, the results are in line with the concept of 'reduced repolarisation reserve', introduced by Roden, 1 26 which emphasises that multiple risk factors are needed to overcome the complex and compensatory physiological mechanisms (reserve or redundancy) that interact to maintain a normal ventricular repolarisation. The high prevalence of prescription of TdP risk classified drugs in patients with additional risk factors, in this and other studies, [27] [28] [29] [30] [31] also suggests that TdP induced by QTc-prolonging drugs is still a neglected issue for many physicians.
tdP in relation to therapeutic groups and individual drugs Our results show that TdP 1-classified drugs overall were used more often than TdP 2-classified and TdP 3-classified drugs at the index event. The most used drugs at the index event were antidepressants followed by antiarrhythmic drugs, antipsychotics, urological drugs and drugs used to treat infections (antibiotics and fungicides). Antiarrhythmic drugs, classified with TdP 1 risk, showed the highest number of TdP per 100 000 elderly users. The highest incidences were observed for disopyramide, followed by sotalol and amiodarone. These results seem to suggest that antiarrhythmic drugs have the highest torsadogenic potential among all therapeutic classes. These drugs are, however, prescribed mainly by cardiologists, who most likely are aware of the TdP risk. In that direction points a tendency towards lower concomitant use of other TdP-classified drugs (especially other TdP 1-classified or TdP 2-classified drugs) if the person was using an antiarrhythmic drug, compared with when TdP 1-classified antidepressants, antipsychotics or antidementia drugs were used.
Use of antidepressant drugs was associated with highest absolute numbers of TdP. This result indicate that use of TdP-labelled antidepressant drugs is a major contributing factor to observed TdP in older persons. Citalopram alone, with known TdP risk (TdP 1), was associated with a number of TdPs (72 cases) equal to the number of TdPs with all antiarrhythmic drugs together (71 cases). Citalopram had 2-4 times higher incidence of TdP per 100 000 users during the study period, in both age groups, than the other widely used antidepressant drugs mirtazapin with possible (TdP 2) risk and sertraline with conditional (TdP 3) risk. Altogether, each of these antidepressants was prescribed to more than 700 000 persons aged 18 years or older during the study period. Citalopram has also in other studies been associated with a higher risk for TdP than other antidepressant drugs. 31 32 In 2012 the EU and US regulatory authorities therefore issued a warning regarding use of citalopram at doses >20 mg in elderly and in persons with additional risk factors such as cardiac disease, electrolyte changes or use of other TdP-classified drugs. 5 6 The results in the present study indicate that the adherence to these recommendations is low. tdP incidence: 'iceberg' problem Previous studies indicate that LQTS and TdP are underreported and that data on the incidence of TdP are scarce. 24 33 There are several reasons for why it is difficult to define the true incidence of TdP or TdP-related death. One reason is that ECG monitoring at hospitals is necessary to establish the diagnosis of TdP. In addition, TdP and other ventricular arrhythmias, as well as sudden cardiac death, may not be properly identified even at hospitals, 34 because many patients are not under continuous ECG surveillance. Moreover, a sizeable proportion of patients with TdP will not survive the ventricular arrhythmia. For example, in Sweden, 65% of all deaths occur outside the hospital setting. Yet another reason is probably a low reporting rate by healthcare professionals. In general, only a few per cent of adverse drug reactions (ADRs) are reported to the competent authorities; for example, only 1% of hospitalisations caused by ADRs are reported in the Netherlands. 21 It is for the abovementioned reasons that it is very difficult to retrospectively make a TdP diagnosis, even if suspicions may exist; for example, an older woman treated with a drug with known TdP risk suddenly dies at home in connection with a gastroenteritis (which can cause electrolyte changes). Thus, our patient cohort most likely represents the tip of an iceberg. tdP incidence: all-cause death as a proxy All-cause death, adjusted for a number of potential comorbidity confounders, has been used as an outcome proxy to investigate the risk of TdP-related death in elderly persons prescribed TdP risk classified antipsychotics or antidepressants. [13] [14] [15] [16] [17] In a previous Swedish
Open access nationwide study, 17 we showed a stronger association between use of antidepressants classified with higher TdP risk (TdP 1 and TdP 2) and increased mortality in the elderly, compared with use of drugs without TdP labelling or with conditional TdP risk (TdP 3). The analysis was adjusted for several confounders, including education, number of inpatient days, contacts with open specialised healthcare, total number of drugs used, number of other drugs with TdP liability and a range of other potential comorbidity confounders. Persons aged ≥65 years using antidepressants with known TdP 1 risk (85% used citalopram) had an increased risk of premature death (OR 1.53), compared with those using antidepressants with conditional TdP 3 risk (82% used sertraline or amitriptyline, OR 1.25). Non-users and users of antidepressants without TdP classification were used as reference (OR 1.0). The results of that study indicate (by calculation of attributable fraction) that the premature deaths among elderly users of antidepressants could have been reduced with 14% if TdP 3-classified instead of TdP 1-classified antidepressants had been used, translated to more than 22 000 deaths during the study period (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) . Even if the results in that study cannot establish a causal relationship between TdP category and death, they indicate an increased TdP risk with the use of citalopram, in line with the present study.
The present study shows that use of citalopram was associated with a two to four times times increased incidence of TdP in both age groups, compared with TdP 3-classified sertraline and amitriptyline users. The results support that the TdP risk classification of antidepressants should be taken into consideration when prescribing to older people.
tdP risk reduction
Our results stress the need for initiatives to improve the prevention of TdP events in the future. Educational tools focusing on the awareness, knowledge and competencies of healthcare professionals regarding QTc prolongation and TdP need to be developed. Because of the high number of risk factors and the complexity of this risk, education should be combined with the implementation of advanced tools in daily practice, such as electronic clinical decision support systems. Such systems can create patient-specific alerts that automatically take into account the individual risk factors of the patient. These alerts can make the risk management of QTc prolongation and TdP more feasible, and closer monitoring can be limited to high-risk patients, as discussed by Vandael et al. 21 limitations Sweden has excellent conditions for postmarketing surveillance of ADR. The collection of register data is governed by Swedish legislation, and it is mandatory for healthcare and pharmacies to report data. By combined analyses of different national registers with high coverage, our study can circumvent shortcomings of many other studies based on small and selected samples of individuals.
However, it must be emphasised that our study has several limitations. SPDR does not include information about drug treatment at hospitals. This is a major limitation since studies 24 34 indicate that many TdPs are related to drug treatment at hospitals. Furthermore, we specifically focused on cases that were coded with the term 'TdP' (ICD code I47.2), while some TdP cases might have been classified under broader terms. Finally, a general limitation related to drug register data is that they may not fully reflect the patients' actual drug use, if adherence to treatment is low.
In conclusion, the results of the present investigation corroborate the results from other studies showing that TdP usually is the result of multiple risk factors, such as advanced age, use of more than one TdP-classified hERG-blocking drug, cardiovascular disease and possible electrolyte changes related to use of diuretics and/ or acid-secretion inhibitors. The study shows that antidepressants, particularly citalopram with known TdP risk (TdP 1), were associated with the highest absolute numbers of TdP, indicating that use of antidepressant drugs is a major contributing factor to TdP. The results further underscore that TdP risk should be taken into consideration when prescribing to older people and that the awareness, knowledge and competence of healthcare professionals regarding QTc prolongation and TdP need to be improved.
